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IMPORTANCE Many patients with systemic amyloidosis are underdiagnosed. Overall, 25% of
patients with immunoglobulin light chain (AL) amyloidosis die within 6 months of diagnosis
and 25% of patients with amyloid transthyretin (ATTR) amyloidosis die within 24 months of
diagnosis. Effective therapy exists but is ineffective if end-organ damage is severe.

OBJECTIVE To provide evidence-based recommendations that could allow clinicians to
diagnose this rare set of diseases earlier and enable accurate staging and counseling
about prognosis.

EVIDENCE REVIEW A comprehensive literature search was conducted by a reference librarian
with publication dates from January 1, 2000, to December 31, 2019. Key search terms
included amyloid, amyloidosis, nephrotic syndrome, heart failure preserved ejection fraction,
and peripheral neuropathy. Exclusion criteria included case reports, non–English-language
text, and case series of fewer than 10 patients. The authors independently selected and
appraised relevant literature.

FINDINGS There was a total of 1769 studies in the final data set. Eighty-one articles were
included in this review, of which 12 were randomized clinical trials of therapy that included
3074 patients, 9 were case series, and 3 were cohort studies. The incidence of AL amyloidosis
is approximately 12 cases per million persons per year and there is an estimated prevalence of
30 000 to 45 000 cases in the US and European Union. The incidence of variant ATTR
amyloidosis is estimated to be 0.3 cases per year per million persons with a prevalence
estimate of 5.2 cases per million persons. Wild-type ATTR is estimated to have a prevalence
of 155 to 191 cases per million persons. Amyloidosis should be considered in the differential
diagnosis of adult nondiabetic nephrotic syndrome; heart failure with preserved ejection
fraction, particularly if restrictive features are present; unexplained hepatomegaly without
imaging abnormalities; peripheral neuropathy with distal sensory symptoms, such as
numbness, paresthesia, and dysesthesias (although the autonomic manifestations
occasionally may be the presenting feature); and monoclonal gammopathy of undetermined
significance with atypical clinical features. Staging can be performed using blood testing only.
Therapeutic decision-making for AL amyloidosis involves choosing between high-dose
chemotherapy and stem cell transplant or bortezomib-based chemotherapy. There are 3
therapies approved by the US Food and Drug Administration for managing ATTR amyloidosis,
depending on clinical phenotype.

CONCLUSIONS AND RELEVANCE All forms of amyloidosis are underdiagnosed. All forms now
have approved therapies that have been demonstrated to improve either survival or disability
and quality of life. The diagnosis should be considered in patients that have a multisystem
disorder involving the heart, kidney, liver, or nervous system.
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S ystemic amyloidosis is an uncommon disorder in which
misfolded protein becomes resistant to the body’s cata-
bolic processes and fibrils deposit extracellularly within tis-

sues, leading to organ dysfunction and death. Systemic amyloido-
sis is considered rare, but amyloidosis caused by 1 particular type
of protein (ie, transthyretin [TTR]), known as amyloid TTR (ATTR)
amyloidosis, is found in as many as 25% of adults older than 85
years on autopsy.1,2 The incidence of immunoglobulin light
chain (AL) amyloidosis is 12 cases per million persons per year.3

Wild-type ATTR is estimated to have a prevalence 155 to 191 cases
per million persons. The incidence of variant ATTR amyloidosis is
estimated at 0.3 cases per year per million persons, with a preva-
lence estimate of 5.2 cases per million persons. Systemic amyloi-
dosis results in a high symptom burden, impairment of quality of
life, and a shortened survival.4

Amyloidosis is a multisystemic disorder that can affect the heart,
kidneys, nerves, liver, lungs, and bowel. There are 14 proteins rec-
ognized that can form systemic amyloidosis. Reviewed here are the
most common types of systemic amyloidosis: AL amyloidosis and
ATTR amyloidosis.5 There are more than 120 point variations in the
TTR gene, most of which are rare, but the substitution of isoleucine
with valine at position (ATTR V122I) is an amyloidogenic variation
that exists in 3.5% of black individuals.6 This variation can produce
cardiac amyloidosis later in life.6

Literature Search
A search of MEDLINE, Scopus, PubMed, and EMBASE was con-
ducted for English-language articles published from January 1,
2000, through December 31, 2019. Collection of relevant articles
was facilitated with the Mayo Clinic Medical Library. The character-
istics of the literature search criteria and the selection process are
provided in the Supplement. The authors were responsible for
selecting the articles for inclusion, and disagreements were
resolved by negotiation. The following terms were used in the lit-
erature search: amyloidosis, amyloid, restrictive cardiomyopathy,
heart failure with preserved ejection fraction, and nondiabetic
nephrotic syndrome, AL, TTR, transthyret (wild-card search),
cardiac, wild, natural history, diagnosis, stage, clinical trial, and
adult. Duplicate articles were removed. Articles were classified as
randomized clinical trials (12 involving 3074 patients), systematic
reviews (n = 4), high-quality cohort studies (n = 3), case series
(n = 9), or case reports (n = 0). A total of 81 references were
included in this review.

Results
The literature search yielded 1769 high-quality full-text articles
that were reviewed for inclusion. The majority of articles were
cohort studies and case series because phase 3 clinical trials are
extremely uncommon and limited to studies of therapies for amy-
loidosis. A total of 81 articles were selected for this review, of
which 12 were randomized clinical trials of therapy that included
3074 patients, 9 were case series, and 3 were cohort studies (the
remaining studies were phase 2 trials of therapy and reports of
diagnostic methods).

Pathophysiology
All amyloid proteins are characterized by misfolding from the na-
tive α helical configuration to the proteolysis-resistant β pleated
sheet. The inability to degrade these proteins results in their extra-
cellular deposition of amyloid. TTR, the transporter of thyroxine- and
retinol-binding protein, circulates as a stable tetramer. In ATTR amy-
loidosis, the tetramer becomes unstable and disassociates into
monomers, which polymerize into amyloid fibrils. This instability can
be a result of a point variation in the monomer or age-related insta-
bility of unmutated TTR. Systemic amyloidosis results from the dep-
osition of an insoluble protein subunit that interferes with organ
function.7 In AL amyloidosis, the protein subunit is an immunoglob-
ulin light or heavy chain fragment that can deposit in any organ, ex-
cept the central nervous system, leading to organ dysfunction. The
tetramer dissociates into a monomer, which misfolds into amyloid
deposits. In ATTR amyloidosis, the heart is most commonly in-
volved, with 70% of patients having peripheral neuropathy.8 In vari-
ant forms of ATTR amyloidosis, the clinical phenotype is driven by
the type of sequence variation. The most commonly recognized se-
quence variation worldwide presents with peripheral neuropathy
(ATTR V30M).9 The most common sequence variation seen in the
US (ATTR T60A) has a dominant cardiomyopathy phenotype.10 The
ATTR V122I variation in black individuals is predominantly cardiac,
although mild neuropathy may be present.

Symptoms
The clinical symptoms associated with AL amyloidosis are vague
and nonspecific. They include fatigue, peripheral edema, weight
loss, exertional dyspnea, and orthostatic hypotension.11 In individu-
als with ATTR amyloidosis, the presentation includes palpitations
(atrial fibrillation), dyspnea on exertion, and edema. These symp-
toms are vague (sensitive but not specific), and there are many dis-
orders capable of producing similar symptoms that are far more
common than systemic amyloidosis. In a survey of 459 patients
with amyloidosis, only 26% reported that they were given the diag-
nosis of amyloidosis within 1 year of onset of symptoms, and 49%
reported that they had seen 4 or more physicians prior to the
establishment of a diagnosis.12

Signs
The signs in AL amyloidosis can be highly specific and include en-
largement of the tongue and periorbital purpura (Figure 1); how-
ever, these occur in only 15% of patients and are not sensitive.7 In
wild-type ATTR amyloidosis, the noncardiac signs include bilateral

Key Points
Question When should clinicians suspect and how should they
diagnose systemic amyloidosis?

Findings Systemic amyloidosis should be suspected in patients
with nondiabetic proteinuria, heart failure with preserved ejection
fraction, unexplained peripheral neuropathy, or atypical
monoclonal gammopathy of undetermined significance.

Meaning Late diagnosis of amyloidosis is a barrier to improved
outcomes. Early recognition by primary care clinicians is vital for
effective therapy to have a meaningful effect on survival.
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carpal tunnel syndrome, lumbar spinal stenosis,13 and biceps ten-
don rupture.14 Patients with variant ATTR amyloidosis will also have
small fiber neuropathy and autonomic dysfunction.15

AL amyloidosis should be considered in any patient that has pro-
teinuria without obvious explanations, such as longstanding hyper-
tension or diabetes. The urinary sediment is bland, lacks casts, and
shows fat and oval fat bodies.16 The cardiac presentation of indi-
viduals with AL amyloidosis includes diastolic dysfunction, restric-
tion to ventricular filling, and a low end-diastolic ventricular vol-
ume, resulting in reduced stroke volume and cardiac output. Cardiac
amyloidosis is usually detected by echocardiography that shows con-
centric thickening of the left ventricle, which is often misdiagnosed
as hypertrophy secondary to hypertension or hypertrophic cardio-
myopathy. Because dysfunction is diastolic, systolic ejection frac-
tion is normal until late into the disease, which makes it a classic form
of heart failure with preserved ejection fraction.17,18 Other echocar-
diographic features for individuals with cardiac amyloidosis in-
clude a rapid decline early in ventricular filling in diastole and abnor-
mal apical longitudinal strain.19,20 Cardiac magnetic resonance
imaging can demonstrate ventricular wall thickening from infiltra-
tion and late gadolinium enhancement of the left ventricular wall.21

Patients with a symmetric neuropathy at the terminals of the
longest nerves, which are in the lower legs and feet, sensory or mixed

sensory-motor neuropathy characterized symptomatically by numb-
ness paresthesia and dysesthesias (particularly those that have an
associated monoclonal protein or autonomic dysfunction or bilat-
eral carpal tunnel syndrome) are candidates for amyloidosis
screening.22,23 Patients with hepatomegaly with no imaging abnor-
malities and an elevated alkaline phosphatase should have amyloi-
dosis included in the differential diagnosis, and AL amyloidosis should
be considered in patients with atypical smoldering multiple my-
eloma or monoclonal gammopathy of undetermined significance
with unusual features, such as weight loss, edema, and dyspnea in
the absence of anemia. Deficiency of coagulation factor X is spe-
cific for AL amyloidosis and is believed to result from binding of the
factor to the amyloid fibrils. Factor X deficiency is seen with equal
frequency in kidney and hepatic amyloidosis. Factor X deficiency is
very rare with cardiac or nerve presentations and is recognized in
7.5% of patients.24 Serious bleeding is seen in 1% to 2% of individu-
als with factor X deficiency and can be recognized by prolongation
of both the prothrombin time and partial thromboplastin time. Ef-
fective chemotherapy or stem cell transplant will normalize the lev-
els of factor X. Table 1 shows the most common presenting signs and
syndromes in patients with systemic amyloidosis. In patients with
AL amyloidosis, the heart is involved in 75% of cases, the kidney in
57%, the nerves in 22%, and the liver in 20%.25 Gastrointestinal

Figure 1. Physical Examination Findings Characteristic for Amyloid Disease

A Enlargement of the tongue B Periorbital purpura

Impressions from 
teeth and palate

Table 1. Symptoms of Individuals Presenting With Systemic Amyloidosis

Symptom
Immunoglobulin light chain
amyloidosis

Wild-type transthyretin
amyloidosis

Variant transthyretin
amyloidosis

Atypical MGUS or smoldering
myeloma

X

Diastolic dysfunction, HFpEF X X X

Proteinuria, nondiabetic X

Small fiber neuropathy X X

Autonomic dysfunction X X

Hepatomegaly, no imaging defects X

Purpura on the face and/or neck X

Macroglossia X

Bilateral carpal tunnel X X X

Spinal stenosis/pseudoclaudication X X X

Biceps rupture X

Abbreviations: HFpEF, heart failure
with preserved ejection fraction;
MGUS, monoclonal gammopathy of
undetermined significance.
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involvement is found in 17% of patients with AL amyloidosis. Within
the first 6 months of diagnosis, 25% of patients die of end-stage or-
gan failure related to advanced amyloid deposition.25

Approach to Diagnosis
Given the rarity of 12 cases per million individuals per year and the
nonspecific symptoms of AL amyloidosis, it is impractical to per-
form an organ biopsy as a first test when the disorder is suspected.
Ninety-nine percent of patients with AL amyloidosis have some form
of immunoglobulin abnormality,26 either the finding of a monoclo-
nal protein on immunofixation of the serum or urine or an abnor-
mal free light chain level, reflecting the underlying plasma cell dys-
crasia that is responsible for production of light chains that misfold.27

When a patient presents with a compatible syndrome and a light
chain abnormality is detected, organ biopsy is not required be-
cause subcutaneous fat aspiration will demonstrate AL amyloid de-
posits in 78% to 100% of patients and lip biopsy will demonstrate
AL amyloid deposits in 61% of patients28; a bone marrow biopsy,
which is generally done once an immunoglobulin light chain abnor-
mality is detected, will be demonstrate amyloid deposits in 57% of
patients.29 Direct organ biopsy should be considered only if the in-
dex of suspicion is very high.30

For ATTR cardiac amyloidosis, a biopsy may not be required.
If a patient has a echocardiogram findings that demonstrate fea-
tures consistent with amyloidosis of the heart, a technetium

pyrophosphate scan or technetium 3,3-diphosphono-1,2-
propanodicarboxylic acid (DPD) scan can be used to diagnose
ATTR cardiac amyloidosis. Visual grading is done by comparing
cardiac and rib uptake. Grade 0 indicates no uptake in heart,
grade 1 indicates uptake in the heart less than uptake in rib, grade
2 indicates heart uptake equal to the rib, and grade 3 indicates
heart uptake greater than the rib (Figure 2). A biopsy is not
required if there is no associated immunoglobulin light chain
abnormality suggesting the possibility of AL amyloidosis.31 If
ATTR amyloidosis is suspected based on results of a radionuclide
scan of the heart positive for uptake of the injected radionuclide,
suggesting ATTR amyloidosis, genetic testing is required to
exclude an inherited variant of ATTR. This is generally done by
polymerase chain reaction sequencing of the TTR gene. In
patients with a positive 99mTc-pyrophosphate (PYP) scan and an
immunoglobulin abnormality, tissue proof of amyloidosis with
mass spectroscopic confirmation is currently recommended.

Indications for Biopsy
When results of a tissue biopsy demonstrate amyloidosis, it is
imperative that the protein subunit be accurately identified. The
major diagnostic tools available for the diagnosis of amyloidosis are
shown in Box 1. Amyloid protein typing can be done by immuno-
chemical classification of the amyloid using antisera directed at the
precursor proteins, but this is only reliable in the most expert

Figure 2. Visual Grading of Cardiac Amyloid Transthyretin Amyloidosis Using 99mTc-Pyrophosphate Imaging

Grade 0 
Cardiac region is clear, ribs and 
sternum are opaque

Grade 1 
Slight opacity of cardiac region, but 
less than opacity of ribs and sternum

Grade 2
Opacity of cardiac region is equal 
to opacity of ribs and sternum

Grade 3
Opacity of cardiac region is greater 
than opacity of ribs and sternum
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amyloid pathology laboratories. Mass spectroscopy is considered
the current reference standard of classification of amyloid.32 Using
this technique, amyloid deposits are laser-dissected from amyloid-
containing tissue and the microdissected amyloid fragments
undergo sorting based on molecular weight. Peptides common to
all forms of amyloidosis are used as positive controls, including
serum amyloid P component, apolipoprotein A4, and apolipopro-
tein E. Peptide sequences are compared with a library of sequences
to assist in protein identification. In a series of 142 amyloid-laden
tissues, nonspecific immunostaining was seen in 34 of the amyloid-
laden tissues (24%), in which the type of amyloidosis could not be
classified. Using mass spectroscopy, inconclusive results were seen
in only 9 amyloid-laden tissues (6%), reflecting the enhanced sen-
sitivity of proteomic analysis.33 Mass spectroscopic detection of AL
amyloidosis does not prove that the amyloidosis is systemic
because localized forms of amyloidosis commonly involving the
skin, larynx, lung nodules, genitourinary tract, and the edges of
bowel or stomach ulcers occur and may be composed of light
chains.34 A monoclonal protein can be found in 23% of patients
with ATTR amyloidosis, and the presence of amyloid biopsy results
positive for amyloid deposits in the heart and a monoclonal gam-
mopathy should not be considered diagnostic of AL amyloidosis
without further classification by proteomics or immunohistochem-
istry, because these patients may have AL or ATTR amyloidosis.35

Staging
Once a diagnosis of amyloidosis is established, prognosis should
be assessed. There are a number of risk models used for AL
amyloidosis.36 The Mayo Clinic 2004 model classifies patients
into 3 stages. Threshold values are cardiac troponin T less than
0.035 μg/L and N-terminal fragment of the prohormone brain
natriuretic peptide (NT-proBNP) less than 332 ng/L. Patients are
considered to have stage I AL amyloidosis when both cardiac tro-
ponin T and NT-proBNP are below the threshold values, stage II if
only 1 marker is below the threshold values, and stage III if both
are equal to or above the threshold values. Using the troponin T
or high-sensitivity troponin T markers of myocardial cell injury
and the NT-proBNP natriuretic peptides produced by the myocar-
dial cells, in response to stimulation of cardiac stretch receptors
and increased wall tension, NT-proBNP is elevated in heart failure
and highly sensitive for cardiac involvement in amyloidosis, can
provide prognostic information on outcomes. The 2015 European
modification of the Mayo Clinic 2004 model adds a fourth cat-
egory based on whether NT-proBNP is greater than 8500 pg/mL.
The Mayo 2012 model classifies patients based on the troponin T
or high-sensitivity troponin T, NT-proBNP, and the difference
between the involved and the uninvolved free light chain (dFLC)
value. All models had a similar predictive value for survival
(Table 2).37-39 The expected number of deaths was calculated for
each patient in each model given their covariate value and
follow-up time. A difference in survival prediction between mod-
els of less than 5% was considered to represent no change. These
comparisons were summarized by the number of patients for
which the model of interest provided better prediction of death in
those who died and better prediction of survival in those who sur-
vived. The 2004 model better predicts for early death and the
2012 model has a better prediction for long-term survival. The
prognosis of AL amyloidosis can be determined by 2 or 3 simple

blood tests.40 Wild-type ATTR amyloidosis has a median overall
survival of 3.6 years. The staging system that exists relies on the
NT-proBNP and serum troponin levels, resulting in 3 stages with
4-year overall survival of 57% for stage I, 42% for stage II, and
18% for stage III.41 A staging system that uses estimated glomeru-
lar filtration rate (eGFR) and NT-proBNP in ATTR amyloidosis, in
which stage I is defined as NT-proBNP less than or equal to
3000 ng /L and eGFR greater than or equal to 45 mL/min,
stage III as NT-proBNP greater than 3000 ng/L and eGFR less
than 45 mL/min, and stage II as meeting neither the criteria for
stage I or III, reported median survival of 69.2 months for patients
with stage I ATTR, 46.7 months for patients with stage II ATTR,

Box 1. Major Diagnostic Tools Available for Amyloidosis

Serum immunofixation
Useful in detecting a monoclonal protein raising suspicion
of immunoglobulin light chain (AL) amyloidosis

Urine immunofixation
Useful in detecting a monoclonal protein raising suspicion
of AL amyloidosis

Serum immunoglobulin free light chain
Useful in detecting a monoclonal protein raising suspicion
of AL amyloidosis

Echocardiography with left ventricular longitudinal strain
Findings of wall thickening, impaired relaxation, and abnormal
strain consistent with infiltrative cardiomyopathy amyloidosis;
not seen with ischemia or valve disease

Cardiac magnetic resonance imaging
Demonstrates wall thickening; late gadolinium enhancement
specific for amyloidosis

Technetium pyrophosphate or methylene diphosphonate scintig-
raphy (cardiac amyloid transthyretin [ATTR] amyloidosis only)

Uptake in myocardium seen in ATTR amyloidosis; diagnostic
if no monoclonal gammopathy (mass spectroscopy is required
if there is monoclonal gammopathy and a positive PYP scan)

Subcutaneous fat aspiration for Congo red staining
Least invasive technique to obtain tissue biopsy verification of
amyloidosis

Bone marrow biopsy, Congo red staining, and fluorescence in situ
hybridization (FISH) genetics

Alternate source of tissue for tissue verification of amyloidosis;
required to exclude myeloma in AL amyloidosis; FISH genetics
prognostic for outcomes in AL amyloidosis

Lip biopsy for Congo red staining
Alternate noninvasive tissue source for demonstrating amyloid
deposits

N-terminal fragment of the prohormone brain natriuretic peptide
Cardiac biomarker used in staging of all forms of amyloidosis

Troponin
Cardiac biomarker used in staging of all forms of amyloidosis

Amyloid typing with tissue mass spectrometry or immunohisto-
chemistry completed by very experienced clinicians

Required for all positive Congo red tissue specimens to verify
the subunit protein composition

Germline DNA testing (transthyretin and other rare hereditary
amyloid precursor proteins)

Required to distinguish wild-type ATTR from variant ATTR
amyloidosis
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and 24.1 months for patients with stage III ATTR.42 A suggested
approach to diagnostic testing to establish a diagnosis of amyloido-
sis is shown in Figure 3. The 2012 model appears to be used most in
clinical practice and is the only staging system listed in the National
Comprehensive Cancer Network guidelines on amyloidosis.

Management of AL Amyloidosis
Substantial controversy exists about the treatment of patients with
AL amyloidosis. Common management approaches are anti–
plasma cell systemic chemotherapy and high-dose chemotherapy
followed by autologous stem cell transplant (Box 2). The first phase
3 study that compared the effect of chemotherapy with transplant
in 100 patients with AL amyloidosis was inconclusive because of
very high therapy-related mortality associated with stem cell trans-
plant (9 deaths among 37 patients) and because 26% of patients
assigned to undergo stem cell transplant did not.43 However,
observational studies showed that from 2010 to 2016, the median
overall survival for patients who underwent stem cell transplant
was 10 years.44 These were optimal results obtained from a highly
select group of patients that excluded patients with advanced
heart failure, significant kidney impairment, functional impairment
of performance, and advanced age. Only 20% to 25% of patients
with AL amyloidosis are considered eligible for stem cell transplant
based on age, kidney function, and severity of heart failure.45,46

Conventional chemotherapy is administered to most patients
with AL amyloidosis. Plasma cells are targeted for elimination by
chemotherapy because they are responsible for synthesis of immu-
noglobulin light chains, which are precursors for amyloid deposits.
Many of the regimens used for amyloid management were derived
from multiple myeloma treatments. In a case series of 46 patients
treated with melphalan and dexamethasone, long-term follow-up
demonstrated that a median overall survival of 5 years was
achieved with this simple oral regimen that can be administered to
patients with significant degrees of cardiac, kidney, and hepatic
dysfunction.47 A phase 3 trial that compared melphalan-
dexamethasone-bortezomib vs melphalan-dexamethasone in 110
patients with newly diagnosed amyloidosis showed significant
improvements in both progression-free and overall survival with
the bortezomib-containing regimen, including a greater overall
hematologic response and significantly greater partial response
(42% vs 20% of participants had a partial response).48 The value of
deeper responses (complete, very good partial, and partial) in pre-
dicting survival has been validated repeatedly.49 In a nonrandom-
ized multicenter trial of 230 patients, bortezomib was combined
with cyclophosphamide and dexamethasone and yielded a median

overall survival of 6 years and a 5-year survival of 80%, with a
2-year survival of 90% for complete responders and 68% for very
good partial responders.50 In the US, cyclophosphamide-
bortezomib-dexamethasone appears to be the most commonly
used regimen for managing AL amyloidosis.46 The oral proteasome
inhibitor ixazomib, given with dexamethasone, was compared with
physicians’ choice of standard care in a phase 3 trial of 168 patients
and demonstrated hematologic responses in 45 patients (53%) vs
42 patients (51%) receiving standard care. Higher complete
response rates were seen with ixazomib-dexamethasone than with
standard care (26% vs 18%). Vital organ response rates were 36%
in the ixazomib-dexamethasone group vs 11% in the standard care
group (cardiac response rate: 18% vs 5%; kidney response rate:
28% vs 7%).51,52 Pomalidomide has been used as second-line
therapy for patients with AL amyloidosis but is not well tolerated in
patients with cardiac amyloidosis.53

Genetics can help predict therapy-related outcomes. Fluores-
cence in situ hybridization genetics show a t(11;14) sequence varia-
tion in approximately 50% of patients with amyloidosis. These
patients appear to have lower response rates and shorter survival
when exposed to bortezomib-containing regimens.54 The incorpo-
ration of alkylator, either melphalan or cyclophosphamide, in the
regimen is important for these patients.55 Patients with t(11;14) had
a higher complete response rate in response to melphalan than
patients who did not have t(11;14) (28 of 68 [41.2%] vs 9 of 46
[20.0%]; P = .02). Patients with t(11;14) also express BCL-2, and
trials examining the effect of a BCL-2 inhibitor, venetoclax, in the
management of AL amyloidosis are underway (ClinicalTrials.gov
NCT03000660).56

Daratumumab is a monoclonal antibody directed at the CD38
antigen found uniformly on plasma cells and is approved for
the management of both newly diagnosed and relapsed multiple
myeloma. Several retrospective series and 2 phase 2 trials have
demonstrated that daratumumab was associated with response
rates ranging from 63% to 100% in patients who underwent che-
motherapy and stem cell transplant and relapsed or did not
respond to the last-administered chemotherapy regimen.57,58 Cur-
rently, a phase 3 randomized clinical trial is being performed that
compares daratumumab given with cyclophosphamide-
bortezomib-dexamethasone vs cyclophosphamide-bortezomib-
dexamethasone alone in 417 newly diagnosed untreated patients
with AL amyloidosis (ClinicalTrials.gov NCT03201965).59 In a pre-
liminary report of 28 patients with a median (range) treatment
duration of 11 (0.2-14) months, the response rate was 96% in the
daratumumab group, with 82% achieving a very good partial

Table 2. Staging Systems for Immunoglobulin Light Chain Amyloidosis

Staging system

Threshold Survival

NT-proBNP, pg/mL Troponin T, ng/mL dFLC, mg/L Stage I Stage II Stage III Stage IV
Median survival, mo

Mayo 2004 332 0.035 27.2 11.1 4.1

Mayo 2012 1800 0.025 180 94.1 40.3 14 5.8

Survival at 3 y, %

European 2016 332 .035 100 52 55 19 (NT-proBNP >8500)

Abbreviations: dFLC, difference between the involved and the uninvolved free light chain; NT-proBPN, N-terminal fragment of the prohormone
brain natriuretic peptide.
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response or better; 36% of patients achieved a complete hemato-
logic response.60

Goals of Therapy
Treatment efficacy is determined by established criteria for hema-
tologic and organ responsiveness.61 Declining levels of immuno-
globulin free light chain are the goal for AL amyloidosis therapy.
A partial response is defined as a 50% reduction in the dFLC, a very
good partial response is considered present when there is a 90%
decline in dFLC or an absolute dFLC less than 4 mg/dL, and a com-
plete response occurs if the dFLC level is within the normal
ragnge.61 When the baseline free light chain is less than 5 mg/dL, a
dFLC goal of less than 1 mg/dL yields the best survival outcomes.62

The hematologic response criteria are strongly correlated with sur-
vival benefit.63 Organ response is defined by consensus guidelines,
such as having reductions in NT-proBNP levels for individuals with
cardiac amyloidosis, reduced urinary protein loss for individuals
with kidney disease, and reduced alkaline phosphatase levels for
individuals with liver amyloidosis.64 Amyloid neuropathy can be
assessed by the modified Neuropathy Impairment Score +7,
although this test is not used in clinical practice but is used for
drugs being evaluated for US Food and Drug Administration
approval for amyloid neuropathy treatment.65

Antiplasma cell chemotherapy does not remove established
deposits of amyloid. There has been longstanding interest in devel-
oping antibodies capable of dissolving existing deposits of amyloid
in the hope that it would lead to improvement of organ function
independent of the hematologic response. A trial of an antifibril
antibody was terminated based on a futility analysis predicting
inability to achieve prespecified cardiac end points.66

Management of ATTR Amyloidosis
Tafamidis is an oral agent with a low toxicity profile that prevents
the destabilization of the TTR tetramer, preventing the formation
of monomers that polymerize into the amyloid fibril.67 In a double-
blind, placebo-controlled, phase 3 trial that enrolled 441 patients
with both cardiac wild-type ATTR and variant ATTR, tafamidis
improved the composite outcome of all-cause mortality and hos-
pitalization for cardiac failure and resulted in a 30% reduction in
the composite outcome compared with placebo. Tafamidis was
associated with lower all-cause mortality than placebo (78 of 264
patients [29.5%] vs 76 of 177 patients [42.9%]; hazard ratio, 0.70
[95% CI, 0.51-0.96]) and a lower rate of cardiovascular-related
hospitalizations (0.48 per year vs 0.70 per year; relative risk ratio,
0.68 [95% CI, 0.56-0.81]).68 A 2019 phase 2 trial of an antimis-
folding agent, AG10, that enrolled 49 patients demonstrated the
ability of this molecule to stabilize the tetramer and maintain
higher levels of transthyretin in the circulation.69 Average serum
TTR increased by 36% ± 21% when 400 mg of AG10 was adminis-
tered and 51% ± 38% with 800 mg of AG10 (both P < .0001 vs
placebo). Baseline serum TTR in treated subjects was below nor-
mal in 80% of participants with variant ATTR and 33% of partici-
pants with wild-type ATTR. AG10 treatment restored serum TTR
to the normal range in all participants.69

Previously, liver transplant was the only effective therapy for
individuals with variant ATTR amyloidosis,70 which usually did not
stop disease progression. Diflunisal, a nonsteroidal anti-
inflammatory agent, was shown to reduce the progression of vari-

ant ATTR polyneuropathy over time in a phase 3 randomized
placebo-controlled trial that enrolled 130 patients, but the drug is
not approved by the US Food and Drug Administration for this
indication.71 Inotersen, an antisense oligonucleotide, and Pati-
siran, a small interfering RNA, act by preventing the translation of
TTR messenger RNA and are approved by the US Food and Drug
Administration for the management of amyloidosis. Both agents

Figure 3. Diagnostic Algorithm for Systemic Amyloidosis

AL amyloidosis likely
Confirm with subcutaneous fat aspiration or lip or bone marrow biopsy; 
stain with Congo red

Confirm with echocardiogram findings; eGFR, troponin, and NT-proBNP 
levels; and germline DNA sequencing

ATTR amyloidosis likely

Nondiabetic proteinuria
Nondiabetic neuropathy
Hepatomegaly and diarrhea
Monoclonal gammopathy of undetermined significance (MGUS) neuropathy,  
atypical MGUS, or smoldering myeloma

Diastolic heart failure
Heart failure with preserved ejection fraction
Infiltrative cardiomyopathy

Patient presentation

Methods of amyloid detection

Noncardiac signs of amyloidosis

Cardiac-specific signs of amyloidosis

Presence of monoclonal protein
Abnormal Ig free light chain levels 

Abnormal Ig detected

Normal Ig with PYP or DPD scan result grade ≥2

Normal Ig with PYP or DPD scan result grade <2

1

2

33

Scan results graded from 0 to 3 based on comparison of radionucleotide 
uptake between ribs/sternum and heart
Scan results graded from 0 to 3 based on comparison of radionucleotide 
uptake between ribs/sternum and heart
Scan results graded from 0 to 3 based on comparison of radionucleotide 
uptake between ribs/sternum and heart

Positive Congo red stain
Proceed with typing of deposits 
using immunohistochemistry 
or proteomics*
Conduct staging with troponin, 
NT-proBNP, or free light chain

*Tissue proof of AL amyloidosis 
   does not distinguish systemic 
   from localized amyloidosis

Normal sequenceNormal sequence
Wild-type ATTR 
amyloidosis confirmed
Begin therapy

Abnormal sequenceAbnormal sequence
Variant ATTR 
amyloidosis confirmed
Begin therapy and genetic 
counseling

Negative Congo red stain
Consider cardiac magnetic 
resonance imaging
Perform organ-specific biopsy 
only if high index of suspicion

Positive biopsy result
Proceed with typing of deposits 
using immunohistochemistry 
or proteomics

Negative biopsy result
Amyloidosis excluded

Positive biopsy result
Proceed with typing of deposits 
using immunohistochemistry 
or proteomics

Negative biopsy result
Amyloidosis excluded

Cardiac amyloidosis very unlikely 

Amyloid detection results

For cardiac-specific signs: technetium pyrophosphate (PYP) or methylene 
diphosphonate (DPD) scan

For noncardiac signs: monoclonal immunoglobulin (Ig) screen with serum 
and urine immunofixation

AL indicates immunoglobulin light chain; ATTR, amyloid transthyretin;
eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal fragment of
the prohormone brain natriuretic peptide.
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reduced circulating levels of TTR by 70% in a follow-up of 15
months and to 80% in a follow-up of 18 months and demon-
strated a significant slowing of the progression of the disease,
measured by the neurologic impairment score and improved
quality of life.72,73 These trials were not designed to assess the
effect on cardiac function, and both agents are only approved for
individuals with variant ATTR amyloidosis peripheral neuropathy.
Patient with advanced neurologic disability or prior liver trans-
plant were excluded from these trials. These agents are now
being tested in trials specifically designed to test the safety and
efficacy in patients with cardiac ATTR amyloidosis.

Discussion
Because therapy that is effective and improves survival and quality
of life for all forms of systemic amyloidosis is now available, it is
important not to overlook this diagnosis. Proteinuria, unexplained
dyspnea on exertion, and progressive small fiber neuropathy sug-
gests the need to evaluate a patient for amyloidosis.74 Patients
with kidney, hepatic, or peripheral nerve dysfunction should be
screened for AL amyloidosis with immunofixation of the serum
and urine and a serum immunoglobulin free light chain assay. The
finding of an abnormal light chain is followed by further tissue
examination by fat aspiration, bone marrow biopsy, or lip biopsy.75

If all of these tests are negative for the presence of amyloid depos-
its, amyloidosis can be excluded in 85% of patients.51 Unless the
index of suspicion is high, the evaluation can be discontinued at
this point. For those patients who do not have an abnormal immu-
noglobulin free light chain result, AL amyloidosis is unlikely. How-
ever, if the index of suspicion is high, a biopsy of an affected organ
is indicated. For patients who present with heart failure with pre-

served ejection fraction, both echocardiography (or cardiac mag-
netic resonance imaging) and cardiac pyrophosphate or DPD scan-
ning should be performed.76 In patients that have a PYP or DPD
scan with results negative for radionuclide uptake in the myocar-
dium, cardiac ATTR amyloidosis is very unlikely. Cardiac magnetic
resonance imaging could be considered to improve a clinician’s
index of suspicion if echocardiography is equivocal. In the pres-
ence of a high index of suspicion, endomyocardial biopsy is
justified.8 Once an amyloid-laden tissue is detected, typing with
mass spectrometry or immunohistochemistry is required to
ensure that the type of amyloid is validated. All patients with a
PYP or DPD scan with results positive for radionuclide uptake in
the myocardium require germline DNA testing to look for a
sequence variation in the TTR molecule.77 The false-negative rate
of organ biopsy (eg, heart, kidney, liver) results is negligible,78 and
if results of a targeted biopsy are negative for amyloid deposition,
the diagnosis should no longer be pursued.

For patients with a sequence variation in the TTR gene, referral
to a genetic counselor to discuss the potential of screening all first-
degree family members is important.79 Patients who have periph-
eral neuropathy and an inherited variation should have a discus-
sion of the 2 available therapies that lower the translation of TTR
messenger RNA.

Patients diagnosed with AL amyloidosis should be assessed
for stem cell transplant eligibility. A discussion of the risks and
benefits of high-dose chemotherapy and stem cell transplant,
including the lack of high-quality outcomes information demon-
strating a survival advantage, should be discussed. For patients
who wish to proceed with stem cell transplant and have more
than 20% plasma cells in the bone marrow or have symptomatic
myeloma or high-risk genetics, induction chemotherapy is given,
which is generally bortezomib-based, for 2 to 4 months.80

Patients who do not fulfill criteria for multiple myeloma with less
than 10% bone marrow plasma cells and no myeloma bone dis-
ease can undergo stem cell transplant without induction
therapy.81 In all instances, the goal of therapy is a hematologic
very good partial response at minimum. Patients who do not
achieve a very good partial response should be considered for
consolidation chemotherapy because the best outcomes are
associated with involved light chain levels of less than 1 mg/dL.
For patients who are not eligible to undergo transplant, the rec-
ommendation is for bortezomib-based chemotherapy designed
to produce a very good partial response or better.82 For those
patients who achieve a very good partial response, maintenance
treatment with bortezomib chemotherapy should be considered.
Patients who present initially with a low tumor mass likely can be
observed after a response is achieved with initial therapy. These
recommendations are derived from expert opinion found in con-
sensus guidelines and are not based on high-quality clinical trials.

No consensus exists for when to resume therapy for relapsed
AL amyloidosis and how to manage it. If prior treatments were
not daratumumab based, treating individuals who have relapsed
with these agents is a reasonable option. If the hematologic
relapse occurred more than 2 years after the last therapy, repeat-
ing the original treatment regimen is a consideration. For patients
who are not bortezomib refractory, bortezomib combined with
steroid alone or cyclophosphamide or melphalan is an option. For
patients who are refractory to treatment with bortezomib and

Box 2. Major Therapies Available for Individuals
With Amyloidosis

Immunoglobulin light chain amyloidosis
Stem cell transplant (20%-25% of patients are eligible)

Bortezomib-melphalan-dexamethasone

Cyclophosphamide-bortezomib-dexamethasone

Daratumumab-based therapy

Bortezomib-dexamethasone

Pomalidomide-dexamethasone

Lenalidomide-dexamethasone

Venetoclax (clinical trial)

Wild-type amyloid transthyretin (ATTR) amyloidosis
Tafamidis

AG10 (investigational)

Variant ATTR amyloidosis
Patisiran (peripheral neuropathy)

Inotersen (peripheral neuropathy)

Tafamidis (cardiac in US; cardiac or nerve in Europe)

Diflunisal (off-label use for variant ATTR amyloid neuropathy)

Liver transplant
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who have not achieved a hematologic response with daratu-
mumab, immunomodulatory-based therapy is reasonable.
Although data are limited, use of carfilzomib or venetoclax-based
therapies could be considered.

There are several limitations to this article. First, given the rar-
ity of systemic amyloidosis, there is a lack of high-quality trials to de-
fine optimal therapy. Second, no systematic population studies ex-
ist to determine how often the diagnosis is overlooked. Third, most
guidelines on diagnosis of amyloidosis and therapy are based on
single institutional case series and expert consensus.

Conclusions

Improvements in outcomes for individuals with systemic amyloi-
dosis are affected by delays in diagnosis as a consequence of fail-
ure to recognize the syndromes. Early diagnosis of AL amyloidosis
allows for effective chemotherapy to improve organ function.
When ATTR amyloidosis is recognized before advanced organ
dysfunction develops, quality of life could be improved using
gene silencers or stabilizers.
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